In the United States Air Force, the
F-15 is today gradually being re
placed byl the air superiority aircra
ft F-22, but it still remains the p
rimary USAF fighter designed

to achieve and maintain air su
periority. The F-15 is also the m
ost effelctive modern fighter ail
rcraft, with over a hundred enem
y kills to its credit, while never h
aving been defeated in air comb|
at. Photo: USAF
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On September 30, 1968, the detailed tactical and technical requirements for the new air sup
eriority fighter for the USAF were specified and sent to eight aviation companies: McDonnel
| Douglas, North American, Grumman, General Dynamics, and Fairchild-Republic. On Decemb
er 23, 1969, McDonnell Douglas was announced as the winner of the competition for the ai
rcraft design in the Full Scale Development phase, having developed the aircraft project wit
h the factory designation model 199-B. Soon after, the USAF designated it as the F-15 Eagle.

—

Given the requirements, the F-15 airframe design was surprisingly conventional, without the use of the lat
est achievements in aerodynamics (variable-sweep wing) or futuristic technologies (titanium, special aviatio
n fuel, long-range guided missiles). Photo: Boeing

The production contract was si
gned on January 2, 1970. It co
vered the delivery of 20 pre-se
ries aircraft, 12 intended for te
sts in so-called category I (basi
c tests) and 8 for category II (
advanced tests) and categorly II
I (operational tests). In total, th
e purchase of 749 aircraft was
planned: 12 not fully equippe
d aircraft for category 1 tests;
432 aircraft intended directly fo
r combat units, which constitut
ed the equivalent of six wings

otnictwo 1 o

with 72 aircraft each (three squadr
ons of 24) - three for TAC, two for
USAFE, and one for PACAF; 108 ai
rcraft for training and combat units
: 54 aircraft that were to serve as

the direct reserve for units, and 14
3 as the central reserve.

The first 20 aircraft received t
he designations F-15A (single-sea
t aircraft) and TF-15A (two-seat, t
rainer-combat aircraft). In Octob
er' 1978, the designation of the t
wo-seat aircraft, TF-15A, was cha
nged to F-15B.

An interesting element of the
design is the aircraft's wing, co
nstructed as a trapezoidal wing
with relatively little mechanizatio
n and a simple structure. In con
trast to the F-4E Phantom II fig
hter, which was equipped with s
lats and rear maneuvering flaps,
the F-15's wing is completely s
mooth, and the only movable el
ement used for maneuvering is
the aileron. The wing was optim
ized for maneuvering at transoni
c speeds, Wwhich are most typical
for aerial combat.
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The most typical for aerial com
bat. Therefore, it received a tra
pezoidal outline with a 45° lead
ing edge sweep. Thanks to the
use of a trapezoidal planform,
a relatively large wing area of
56.5 m? was achieved. With a
calculated combat weight of 16
,160 kg (at which the aircraft
most often enters combat), the
wing loading was only 286 kg
/m?, which at that time was an
excellent result.

As a result, the lift generated
at moderate angles of attack w
as sufficient to produce high g-f
orces. Therefore, not only could
mechanization be omitted, but
a relatively thin NACA 64A lamin
ar airfoil with a relative thicknes
s of 6.6% at the root and 3% at
the tip could also be used. The
use of aerodynamic twist was i
ntended to soften the stall char
acteristics, which could be quite
abrupt with the chosen airfoil.
The airfoil itself was slightly mo
dified—the nose of the airfoil w
as bent downward. This created
something like permanently def
lected leading-edge flaps at a s
mall angle, typical for maneuver
s at transonic speeds. Maneuver
ing was also facilitated by small
strakes at the wing-fuselage ju
nction, generating small vortices
that increased the energy of th
e airflow in the wing root area,
which, for a trapezoidal planfor
m with low aspect ratio, was m
ost susceptible to rapid flow se

paration. ‘




The wide fuselage of the air : o 3
craft contributed to lift generat
ion, and its large volume allow
ed for the installation of comp
lex electronic equipment and a
large fuel reserve.

The F-15 was the world's first ai
rcraft built according to the conce
pt of relieving the pilot from moni
toring the cockpit interior and deal
ing with airframe matters, allowing

them to focus on the tactical asp
ects of combat. The aircraft did no ; g
t yet have an active control syste G e b 5 e
m, but it was equipped with a hig -

hly advanced control system that

worked in conjunction with conven  F-15 armament tests: prototype 71-0286 captured during the launch configurations, both with and wi
fional aerodynamic stability. of an_AIM-7E Sparrow medium-range air-to-air guided missile ﬁ[Octob thout external stores. The thous
er_1973) anéimflrmg the six-barrel Mg1A Vulcan cannon (August 1974) 5 q¢h flight was performed on i

dlloogee g (2 t in August 1973, and by that ti
me, it had already been flown a

t speeds, up to Mach 2.5 and at

altitudes up to 18,500 m.

Fire Cohtrol System Work

on the radar for the new fight
er began in August 1968. Initia
lly, five different radar station
configurations were considered
for the future F-15, but ultim
ately, it was decided to build a
long-range pulse-Doppler rada
r, adapted for detecting and tr
acking targets both above the
aircraft and against the groun
d, as well as for cooperation w
ith semi-active radar-guided mi
ssiles.

Flight tests

The F-15A air Isuperiority fighter was armed with an M61A Vulc

an 20 mm cannon installed in the left wing root (looking in the dir
ection of flight), four medium-range air-to-air guided missiles:
AIM-7E Sparrow, carried on external pylons located on the si

de edges of the engine air intakes, and four short-range AIM-9P
Sidewinder missiles.

Photo: USAF
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The F-15C MSIP II air superiority fighter is armed with four AIM-120A medium-ra
nge air-to-air guided missiles and four AIM-9M short-range missiles. Addition

al AIM-120 missiles (up to a maximum of eight) can be carried at the expen

se of AIM-9M missiles. Another armament configuration for the aircraft may inclu
de two AIM-7M missiles, four AIM-120s, and two AIM-9Ms. Photo: USAF

The ROC-9-98 requirements, according to which the F-X/F-15 pro
gram was implemented, were as follows:

1. A wing optimized for high load factors at a speed of Mach 0

.9 at an altitude of 10,000 meters, free from flutter and buff

eting;

N

. A high thrust-to-weight ratio to achieve high maneuvering ener

gy throughout the entire range of permissible flight parameter

S;

3. A minimum speed of Mach 2.5 at high altitude;
4. A long-range pulse-Doppler radar with the capability to detect and

track targets against ground backgrounds;
5. A single-person crew capable of performing all tasks; 6.

A modern cockpit with appropriate displays, including a Head-

Up Display (HUD);

® N

For a target that is moving away, t
his range was about 185 km. For a
fighter-type target (with a radar cros
s-section of about 5 m?), these para
meters were approximately 180 km
(for an approaching target) and 120-
130 km (for a receding target). Thes
e values decreased when detecting

a small target against the ground b*

ackground: to approximately 120 km
and 70-80 km, respectively. The rad
ar could not detect targets flying ag
ainst the ground background perpen
dicular to the fighter aircraft. The tr
acking ranges were about 60% of th
e above values. The radar itself, incl
uding the antenna and electronic bl
ocks, weighed about 230 kg. The ra
dar operates in the frequency range

of 8.0-12.0 GHz. The radar's tra
nsmitter, receiver, and the processor
controlling their operation
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Airframe lifespan of no less than 4,000 flight hours;
360-degree visibility from the cockpit;

were analog. The radar was eq
uipped with an analog-to-digital
signal converter and two digit
al signal processing processors.
The radar station display was
presented vertically on the cock
pit monitor (top-down view like
a map) and on the head-up di
splay. The F-15, alongside the n
aval F-14, was the first America
n aircraft in which the screen d
id not show the "raw" radar im
age, but instead displayed targe
ts using symbols with descriptio
ns of their basic flight paramet
ers. Therefore, two digital signa
| processors were used in the r
adar—one determined the para
meters of signals reflected from
targets, and the other, based
on this information, separated r
eal targets

9. High technical efficiency, with maintenance labor not exce
eding 11.3 hours per one flight hour;

10. Significantly more favorable mean time between failures of avionic
s system components compared to equipment currently used by th

e USAF;

11. Airframe structure with high survivability on the battlefield, featuring r

edundant hydraulic systems, fuel lines, electrical systems, and dual con

trol systems;

12. Capability for autonomous engine start without the assistance of

any'ground equipment;

13. Intercontinental range for redeployment of the aircraft without

aerial refueling;

14. Maximum takeoff weight for intercepting an aerial target: 18,

150 kg;

15. Low development risk for the airframe, powerplant, and avionics;

all components must operate efficiently during testing.

It was resistant to interference and provide
d information about the flight parameters of

real targets, which it transmitted to the ce
ntral mission computer.

The primary search mode
of the radar is Long Range Se
arch, in which the search dist
ance could be selected at 295

km, 150 km, 75 km, or 37 k~
m. In this mode, the radar alt
ernated between high and me
dium pulse repetition frequen
cies; at medium pulse repetiti
on frequency, a long detection
range was achieved, while at
high pulse repetition frequen
cy, high precision in target po
sition determination was obtai
ned.

The system enabled precise in
formation to be provided for ten
targets. In this mode, the radar

generated a narrow forward-dir
ected beam, with four horizonta
| search layers.

The mode for searching for a
ircraft over a wide area of airsp
ace (up to +60° to either side of
the aircraft's axis and in severa
| horizontal layers, i.e., within an

elevation angle range of +20°)

was Short Range Search (SRS), i
n which the radar's range was li
mited to 20 km. In this mode, a
target could be manually desig

nated for engagement and the s
ystem could switch to Single Tar
get Track mode. In this case, ot
her aircraft disappeared from th
e display, and the tracked target
was indicated to the weapon sy
stem for engagement (with missi
les selected by the pilot or the s
ystem calculated parameters



for firing the cannon). It was

also possible for the system t
"0 automatically track the near
est target. If the armament s
~witch on the throttle lever wa
s set to "cannon," the system
automatically switched to tra’
cking the nearest target withi
'n the entire scanned area. If

‘the weapon system was set t
'0 SRM (AIM-9) or MRS (AIM-7)
and the pilot activated the a
utomatic tracking mode on th
‘e control stick (one forward p
‘ress of the button), the syste
'm switched tol SuperSearch (S
S) mode, automatically acquiri
ng the nearest target within

- 20° of the aircraft's longitudin
al axis, simultaneously design
ating this Jtarget to the 'seeker
s of the selected missiles. If t
he pilot selected Boresight Tr
ack (BST) mode on the contro
|| stick (two forward presses),

the system automatically

acquired the ne
arest target within 4° of the air
craft's longitudinal axis. This mo
de was used for semi-automatic
transition to tracking mode—if
friendly aircraft were nearby an
d the pilot wanted 'to manually
designate a target for engagem
ent, by selecting this mode, the
pilot had to point the aircraft's
nose roughly toward the chose
n target, and thF system would
automatically begin tracking it.
In the event of accidentally acq
uiring the wrong target, the pil
ot could "drop" tracking using t
he switch on the throttle lever.
Additionally, the radar also had
a Vertical Search (VS) mode, in
which the antenna scanned the
space in the vertical plane (conv
ersely, +60° in elevation and +2
0° in azimuth), facilitating target
acquisition during tight maneu
vers in close air combat.

The AN/APG-63 was equipped
with a range of modern anti-ja
mming systems: rapid frequency
hopping to escape jamming,

L

reception and analysis of signals i
n the side lobes with electronic el
imination of false echoes, frequen
cy diversity system, e'&c._
In addition to the 'functions

mentioned above, the radar

could also be used for range

measurement when engaging
ground targets, as well as fo
r navigation purposes—primar
ily Doppler measurement of t
rue airspeed and drift angle,

and for mapping (for navigati
on, but not targeting). There

was also a mode for homing

on the beacon of an aerial ta
nker, as well as a passive mo
de that supported the aircraft’
s electronic warfare system (a
s described later).

All data [from the radar stati
on was displayed on|the McDo
nnelt-Douglas~Electronic AN/AV
Q-20-Head-Up Display-(HUD)-a
nd on_the_tactical situation_ dis
play! In addition to 'the radar,
the aircraft was equipped with

a radar transponder with both
civilian and military modes, in
cluding the so-called mode 1V

used for "friend or foe" identifi
cation. This device was the Ha
zeltine AN/APX-76.

Self-defense system
It was assumed that the F-15,
used for offensive missions i
n which it was to engage aeri
al targets over enemy territory
, must be equipped with an e
lectronic warfare suite typical
of a strike aircraft. This was t
he first standard self-defense
electronic warfare complex (E
W) that could operate automa
tically, without pilot interventio
n. The TEWS (Tactical Electroni
¢ Warfare System) consisted o
f the analog radar warning re
ceiver Loral AN/ALR-56A, an a
dditional rear-sector radar war
ning device Magnavox AN/AL
Q-128, a Tracor AN/ALE-39 flar
e/chaff dispenser (in a pod u
nder an external pylon),'and
a built-in active jamming syste
m Northrop AN/ALQ-135, whic
h enabled the generation of n
oise and deceptive jamming a
gainst fire-control radars, both
those known at the time on
fighter aircraft (MiG-21, MiG-2
3, MiG-25) and those guided
by radar.

anti-aircraft missile systems. T
he device in its initial form op
erated in the frequency range
(approximately): range
| = 2000-5000 MHz and range II
- 4500-10,000 MHz, together cove
ring the wavelength range of 15.
0-3.0 cm. The AN/ALQ-135 anten
nas (two smaller ones placed on
e behind the other) were located
under the front part of the fuse
lage, between two larger radio a
ntennas. The AN/ALR-56A operate
d in the range from 2.0 to 18 G
Hz and enabled basic classificatio
n of detected enemy electronic
means. A similar receiver was als
o an integral part of the ALQ-13
5. Active jamming was initiated b
ased on the analysis of signals fr
om three different sources: the i
ntegral receiver of the ALQ-135 j
amming device, the ALR-56A war
ning receiver, or from the radar,
which periodically switched to p
assive mode, providing TEWS wit
h relevant information. On the o
ther hand, the little-known Magn
avox ALQ-128 was not integrated
with the rest of the TEWS and
served.-only to support situationa
I“display.

Thanks to its modern andlpowerfulI Pratt & Whitney F100-PW-100 engines, the F-15A had a thrust-td-weight ratio of 1.4 at a calcu
lated combat Weigpt of 16,160 kg (this was the average weight at which the aircraft entered aerial combat), and 1.2 at a normal
takeoff weight of| 19,212 kg (with fuel in internal tanks and armament consisting of four AIM-7E missiles, four AIM-9P missiles, an
d ammunition for the cannon), both in favor of thrust. This provided it with excellent dynamic and maneuvering characteristics. P
hoto: USAF In the two-seat F-15B aircraft!(the prototype's maiden flight was on July 7, 1973), the addition of a second seat required relatively minor modifications, as the
F-15A cockpit was very spacious (only the arrangement of some electronic blocks was changed). The mass of the two-seat aircraft increased by about 380 kg. Photo: USAF
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Thanks to the installation of in-flight refueling, theb time the F-15 can remain airborne is limited only by the psychophysical condition of the crew. There are known missions during

of the electronic radio system on the round
indicator of the system in the upper right
part of the pilot's instrument panel.

Armament

The F-15A/B carried four AIM-7F
guided missiles (and from 1979 a
Iso AIM-7M) mounted on the low
er edges of the box-shaped fusel
age, two one behind the other o
n each side. For maneuvering clo
se-range combat, the F-15A/B wa
s equipped with four AIM-9P mis
siles. From 1980, the AIM-9L vers
ion began to be used,

which, thanks to multiple refuelings, the aircraft remained in the air for up to 15 hours.

which could be used to attack both
from the rear and the front hemisp
here of the target (AIM-9P only fro
m the rear).

Spatial capabilities A t
ypical complement to the mis
siles in "air-to-air" missions w

as a set of external fuel tank
s in the following combinatio
ns: one under-fuselage or tw
o under-wing, or all three tan
ks simultaneously. All three t
anks have a capacity of

[

The maximum external load of the aircraft in the air superiority fighter config
uration is 6,916 kg and includes three additional fuel tanks and eight guided "
air-to-air" missiles. In the case of mounting the AN/ALQ-131 active jamming po
d, the aircraft's external load increases to 7,224 kg. The photo shows a two-se
at F-15D, whose prototype first flew on June 19, 1979. Photo: USAF
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2,309 liters each, increasing th
e fuel reserve from 6,750 liter
s to 13,677 liters. With the tan
ks installed, the aircraft's ferry
range with a navigation reser
ve (in case of unforeseen fligh
t extension) was 4,160 km. Th
e tactical radius during interce
ption of aerial targets at high
altitude was 810 km without t
anks and 1,350 km with tanks,
and at low altitude - 480 km
and 900 km, respectively. Sinc
e for airfield alert duty an inte
rception range of about 500 k
m was entirely sufficient, exter
nal tanks were generally not u
sed for this type of mission. I
n Combat Air Patrol missions—
engaging aerial targets while o
n airborne alert—the aircraft w
ithout tanks could remain on s
tation for two hours at a dista
nce of 250 km from the airfiel
d, and with tanks—for four ho
urs at the same distance. The
maximum flight endurance of t
he F-15A/B reached 4.8 hours.

Serial production

Serial production of the F-15 airc
raft began on March 1, 1973. By
the end of 1973, eight aircraft f
rom the second pre-production

batch (F-15A-5-MC, 72-0113 to 72
-0116 and F-15A-6-MC, 72-0117 t
0 72-0120) had been delivered, a
nd in 1974, full-scale serial prod
uction was launched. The 1973 b
udget funded the purchase of 23
F-15A aircraft and 7 two-seat F-
15B aircraft, belonging to produc
tion series (Block) 7, 8, and 9.

In total, 18 pre-production F-
15A aircraft were built in blocks
1 to 6 (4 delivered to Israel), 36
6 F-15A in blocks 7 'to 20 (347 f
or USAF and 19 for Israel),

2 pre-production F-15B aircraft
in blocks 3 and 4, and 61 ser
ial F-15B aircraft in blocks 7 to
20 (59 for USAF and 2 for Isr
ael). In total, 445 Eagles of th
e first production variant were
built. The F-15A/B aircraft re

mained in regular service until
the mid-1990s, when the last
were replaced by F-15C/D in th
e 325th Wing.

Conformal Fuel Tank

After the successful introductio
n of the F-15A/B into service,
McDonnell Douglas focused on
eliminating the aircraft's shortc
omings. The first issue was the
failure to meet the requireme
nt for the aircraft to be able to
transfer from the USA to Euro
pe without aerial refueling. The
range achieved by the F-15A,
4,160 km, was insufficient. One
of the solutions proposed by
McDonnell Douglas was to add
external tanks, but not the clas
sic underwing types; instead, th
ese would fill the space in the
recess between the sides of the
fuselage and the wing roots.

The tanks could hold a sign
ificant amount of fuel without
substantially degrading the air
craft's performance (maximum

speed Ma=2, allowable maneu
vering overload g+5.5). They w
ere to be made of composites
and, in addition to fuel, could
also accommodate extra elect
ronic equipment. The use of th
is type of tank/pod for equipm

ent, called the FAST Pack (Fuel
And Sensor Tactical), was pro

posed as early as the beginnin

g of 1974. A variant designed
to carry only fuel was quickly

developed



and was first used for a test flig
ht on the second TF-15A (F-15B,

72-0291) on July 27, 1974. In Sep
tember of that year, this aircraft

made a non-stop flight from Lori
ng Air Force Base in Maine (nort
heastern tip of the USA) to Farnb
orough in the United Kingdom, a
straight-line distance of 5,675 k

m. The flight lasted 5 hours and

25 minutes, and at the time of la
nding, there were still 2,500 liters
of fuel remaining on the aircraft
—One FAST Pack tank held 2,912
liters, so the total fuel reserve i
ncreased by 5,824 liters (to 19,38
4 liters), which was enough to ac
hieve a range of about 5,200 km
(with an appropriate aeronautica
| fuel reserve).

The use of CFT was not the
only change to the fuel system
of the new aircraft variant dev
eloped from 1976; additionally,
Goodyear developed new fusel
age tanks, filling a larger porti
on of its internal volume. The c
apacity of the internal tanks in
creased by 1,086 liters (846 kg)
to 7,836 liters. The total fuel r
eserve with standard drop tank
s was therefore 14,646 liters, a
nd with CFT tanks up to 20,47
0 liters, which was sufficient to
achieve a transfer range of 5,
560 km, fully adequate for a fli
ght from the eastern United St
ates to West Germany.

Although 'McDonnell| Dougla'!

s proposed a number of diffe
rent FAST Rack variants—with

reconnaissance equipment, f
or Wild Weasel missions agai
nst ground-based ‘air defense
systems, and for strike missio
ns—the USAF decided to purc
hase the fueél-only version, ess
entially as an additional fuel t
ank. These received the offici
al military designation CFT (Co
nformal Fuel Tank).

Non-Cooperative Target Recognition The most interesting an
d at the same time least known device installed on the F-15
C/D MSIP 1II is the NCTR (Non-Cooperative Target Recognitio
n). The origins of work on this type of device date back to

the Vietnam War, when the Americans developed a device t
o elicit an active response from the Soviet SRO-2 identificati
on system. This device, installed on some F-4Es, facilitated t
arget identification by duplicating the function of the aircraft
's own "friend-or-foe" identification system.

The problem was that, in many cases, the identification of
certain targets—especially those detected late—was often very
difficult. If two aircraft, friendly and hostile, are close to each
other or aligned with respect to the interrogating station, erro
rs can occur in the operation of the "friend-or-foe" device. It
may happen that a positive response comes from a different
aircraft than the one displayed on the radar station screen. A
dditionally, artificial or natural interference, or simply malfuncti
ons of the identification device, sometimes result in no respon
se from a friendly aircraft. Given the adopted philosophy of ta
rget engagement in combat :

In aerial operations at the gre
atest possible distance, the rel
iable identification of the targe
ted aircraft was of immense i

mportance. Therefore, a searc

h was initiated for an alternati
ve method of target identificat
ion, other than the classical q
uery-response approach.

Work on a device for identi
fication that does not send a
query (that is, Non-Cooperative
- and does not cooperate) beg
an at the end of the 1970s un
der the codename "Musketeer."

The program was classified as
so-called "black," which meant
that, officially, it did not exist at

all. It was only partially

Modernization of the radar fi
re control system The main
drawback of the AN/APG-63 r
adar in its previous form was t
he inability to observe other e
nemy aircraft and helicopters
while tracking a selected target
for engagement. Additionally,
when observing aerial targets
at greater distances, the Eagle'
s radar could not distinguish in
dividual aircraft flying in a sing
le group.

Therefore, at the end of the 1970s, a plan
for the further development of the F-15 was
created, which was consistently implemented i

n the years 1979-1985. It was within this

The installation of a second cockpit on the aircraft necessitated the removal of the AN/ALQ-135 active jamming station from its
onboard equipment. Placing the station elsewhere was not possible due to electromagnetic incompatibility of the devices. The
problem was solved by installing a similar jamming device—the AN/ALQ-131—on the central under-fuselage pylon. Photo: USAF

development path outlined at that ti

me that the modernization of certain
aircraft systems was undertaken, start
ing with the fird control system.

The first step in this was to
eliminate the two main drawbac
ks of the radar station mention
ed-earlier; Thisybecame-possible
thanks tol advances in digital c
omputing technology and achiev
ements in this field made in th
e 1970s. The introduction of a
digital computer to control the
radar, replacing the analog-digit
al system, enabled signal proces
sing and the comparison of tra
nsmitted pulses with the receive
d echo,

declassified only in 1998, and until recently, no one outside those in the know had

heard of it.

The NCTR device is an add-on to the radar, used for digital proc
essing of its signals (independent of the processing performed by t
he radar's processor), enabling the determination of the number of
first-stage compressor blades or last-stage turbine blades if the tar
get is positioned approximately in the front or rear hemisphere (by
isolating secondary Doppler frequencies originating from reflections
in the inlet duct or exhaust nozzle of the enemy aircraft, from the
background of its general echo). Determining the number of blade
s and their rotational characteristics, and comparing them with a d
ata library stored in the device's memory, allows for the identificati
on of the aircraft type and, consequently, its affiliation. The develop
ment of an effectively functioning NCTR only became possible at th
e end of the 1980s, when computer technology allowed for the use
of sufficiently advanced software.

NCTR was introduced on the F-15C/D as part of the MSIP II modernization program an
d was used for the first time during Operation Desert Storm (1991). Photo: USAF




[

reflected from the target. Digital
signal processing not only provid
ed better protection for the radar
station against electronic counte
rmeasures, but also enabled the

separation of individual aircraft fly
ing in tight formations.

Similarly, the system allowed
for simultaneous airspace scanni

ng and illumination of a selected

target for engagement with the
guidance beam for medium-ran
ge AIM-7 missiles.

The introduction of a digita
| radar control processor (in a
ddition to the two existing sig
nal processors), using the exis
ting Cassegrain-type antenna,
enabled faster scanning of the
airspace. This processor, kno
wn as the Programmable Sign
al Processor (PSP), developed
by Hughes and adapted to wo
rk as part of the AN/APG-63,
appeared at the end of 1979.
Its operational memory had a
capacity of 96 K, compared t
o the 24 K memory of the pr
eviously used analog-digital pr
ocessor. In addition, unlike th
e previous device with a fixed
operating algorithm, the new

rocessor had
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Software that could be modified was imposed on the F-15A an
d F-15B aircraft, unnecessarily degrading the aircraft's maneuve

Radar stations with the ne
w processor entered productio
n in 1980. F-15C/D aircraft pr
oduced in 1980 still had the o
Id radars, but by 1984 they h
ad been upgraded to the final
configuration. The radar stati
on continued to operate in th
e existing modes (there was n
o Track While Scan mode, onl
y Single Target Track), but its
resistance to jamming and res
olution were improved. The Ra
id Assessment Mode (RAM) wa
s also introduced, enabling th
e separation of aircraft flying i
n a tight group at a distance
of about 75 km. Additionally, t
he Long Range Boresight Trac
k (LRBST) mode was introduce
d, which operated like Boresig
ht Track (BST) but could be ac
tivated at ranges up to 150 k
m (BST only up to 20 km). Fur
thermore, thanks to the new
processor, the radar later recei
ved software| enabling coopera
oMW ATM-120 missiles.

The third area requiring essential -
modernization of the F-15 was the e
ngine. The goal was to remove rathe

r troublesome operational limitations.

rability and handling character
istics during close-range air ¢

ombat. Since preparing a full

modernization was expected t
o take some time and produc
tion of the F-15 was not to b

e interrupted, it was decided t
o introduce changes gradually
on single-seat aircraft produc
ed from 1979 (designated F-1

5C) and two-seat versions (F-1
5D). Therefore, the first F-15C,
78-0468, Which made its mai

den flight on February 26, 197
9, in St. Louis, differed from t
he F-15A only by having a fue
| system of increased capacity,
adaptation for carrying CFT (F
AST Pack) tanks, a reinforced

airframe structure, and a sligh
tly modernized landing gear (t
he last two changes were rela
ted to the anticipated higher t
akeoff weight, with further inc
reases planned for the future).
The empty F-15C weighed 13,
235 kg, and the two-seat F-15

~ 13,700 kg. This latest variant, in wh
ich the same modifications (fuel syste
m installation, structural reinforcement
) as those introduced on the combat
F-15C were applied to the F-15B, but

which, like the F-15B, was not eq
uipped with the built-in AN/ALQ-1
35 active jamming transmitter, ma
de its first flight on June 19, 1979
(78-0561). The aircraft's tests pro
ceeded successfully, and already i
n the first half of 1979, serial pro
duction of the F-15C (Block 21) wa
s initiated, and in the second half
of the same year, the F-15D (als
o as part of Block 21). In this con
figuration, 83 F—15Ci(series 21,22=
and 23) and 14 F-15D (the same
production series) were manufactu
red. Most of them were delivered
to the 18th Tactical Fighter Wing
at Kadena Air Base in Okinawa, th
e first PACAF unit equipped with t
he F-15 and the first combat unit
to operate the F-15C/D variant.

Equipped with a modernized ra
dar station, the F-15C and F-15D (
unofficially known as the APG-63 P
SP) were first deployed to Europe,
to the 36th Tactical Fighter Wing,

replacing the F-15A and F-15B pre
viously in use there.

In this configuration, meaning n
ot only with the new fuel system b
ut also with the improved radar, a
total of 287 F-15C and 70 F-15D we
re built (together with earlier aircra
ft of this ver§ion, the total producti
on of the F-15C/D, carried out in t
he years 1979-1985, amounted to




The F-15 can carry three 2,000-pound bombs or 18 500-pound bombs, using multiple ejector racks that allow six bombs per rack. The total weight of the bombs with rack
s is 4,266 kg. In practice, however, this configuration is not used. Only recently has the aircraft been planned to be armed with JDAM bdmbs guided by the global satellite

navigation system.

370 single-seat aircraft and 84 F
115D. Of the 287 F-15C mention
ed, 221 Were taken over by the
USAF, 46 were delivered-to'Sau
di_Arabia, 8 to Israel, and 2 to |
apan (in the latter case) along
with a license for their producti
on). Of the 70 F-15D, 34 were t
aken over by the USAF, 16 were
exported to Saudi Arabia, 8 to
Israel, and 12 to Japan.

MSIP — Multi-Stage
Improvement Program

As a result of conducted studie
s, @ multi-stage modernization

program was launched at the

end of 1982, aimed at adaptin
g the F-15 to the requirements
of the modern battlefield. The
program was called the Multi-
Stage Improvement Program (

MSIP). In its first phase, MSIP *
I, all operational F-15A/B aircra
ft were to be brought up to t

he F-15C/D standard. After sta

ndardizing the entire fleet,

it was to be fully included in_the

final modernization program, call
ed MSIP I At tHe same time, ne
wly produced F-15C/D| aircraft wer
e to have the same configuration
as the modernized machines fro
m the outset. However, after pre
paring the work schedule, it was

considered more advantageous to
replace the older F-15A/B, which
were gradually being transferred
to the National Guard, with newl
y produced F-15C and F-15D, feat
uring an airframe with reinforced
structure (the F-15C/D was appr
oved for maneuvering at g+9, wh
ile the F-15A/B was limited to g+
7.33). As a result of this decision,
purchases of F-15C/D were incre
ased, and ultimately the USAF rec
eived 894 air superiority fighters

(774 F-15A and F-15C, and 120 F-
15B and F-15D) instead of the pl
anned 749. Thus, attention was f
ocused on the MSIP II stage, i.e.,
on modernizing the F-15C/D,

both on the production line and on alre
ady manufactured units.

Adapting the F-15 for the sim
ultaneous engagement of multipl
e aerial targets required the intr
oduction of new weaponry. The
AIM-120 missile, equipped with
an active radar homing head th
at does not require target illumi
nation by the fighter's onboard
radar beam, was under develop
ment. This allows for the launch

of multiple AIM-120 missiles at

different targets, with each missi
le independently homing in on i
ts designated adversary. In pract
ice, however, the AN/APG-63 fire
control system enabled the lau
nch of two missiles at two differ
ent targets, with a time interval
necessary to switch to tracking t
he next target.

In the first half of the 1980
s, Hughes developed a new ra
dar intended for the F-15E Stri
ke Eagle variant, which

Photo: USAF

appeared in 1985. It received
was designated AN/APG-70. The radar i
s equipped with the [same antenna as t
he AN/APG-63, but the new control syst
em allows for electronic scanning of th
e space in elevation, a digital processor
with 960 K memory (which is exactly t
en times more than the AN/APG-63's 9
6 K) and three times the processing sp
eed (34.5 million operations per seco
nd, compared to 11.4 million operations
per second in the previous system). Th
e AN/APG-70 can simultaneously track u
p to 10 aerial targets within a wide fiel
d of view (presumably about 20° at me
dium range and 60° at short range) in
Track While Scan (TWS) mode, introduce
d for the first time in this system. The
APG-70 can cooperate with six launched
AIM-120 missiles (each aimed at a diff
erent target). The effective SAR (Synthet
ic Aperture Resolution) system enables
not only even better!separation of indiv
idual aircraft from a group in tight for
mation, but also the creation of precise
terrain maps.

The modernized F-15C air superiority fighter received a fire control system adapted for use with the new guided AIM-7M and AIM-9L missiles, a m
odified propulsion unit (F100-PW-220), and the capability to carry conformal additional fuel tanks, enabling it to fly non-stop from the USA to Euro

pe. Photo: USAF




However, in the fighter versions,
the AN/APG-70 radar variant wi
thout the SAR mode was install
ed, optimized for air combat. Th
is mode was rarely used on fig
hters, and the radar without the
se functions was characterized b
y higher reliability, simpler oper
ation, and lower cost.

The radar automatically cha
nges operating ranges, enablin
g a full overview of the situatio
n while simultaneously tracking,

10 targets (TWS), and by briefl
y activating the passive mode,
it amalyzes received jamming si
gnals. If jamming is detected, t
he radar automatically changes

its operating frequency, which
can also be changed ftom pul
se to pulse independently of el
ectronic countermeasures (Freq
uency Agile). The radar uses 32
ground-programmed frequency

channels, which change in a p
seudo-random order.

The fire control system also
employed a new IBM CP 1075
central computer with 128 K
memory and triple the processi

ng speed compared to its pred
ecessor. This computer worked

with a new control panel in t
he cockpit. Previously, weapon
control on the F-15A, B, C, or
D was performed using a class
ic panel with switches and indi
cator lights. In the new variant
, a multifunctional (i.e., displayi
ng various sequences of inform
ation), color Sperry display was

introduced.

The main area of subsequent modifications was adapting the aircra
ft to simultaneously engage multiple aerial targets using "air-to-air"
uided missiles equi%ped wijth active radar hgming heads. In the

photo - a two-seat F

MPCD (Multipurpose Color Displa
y), and most operations involving
the selection of weapon types a
nd their usage parameters are p
erformed from the control stick
and the engine throttle lever (DS
S), by selecting the appropriate
options from the menu on the
monitor.

This greatly facilitated the pilo
t's work; in the previous system,
the pilot had to reach for switche
s and shift their gaze to indicator

lights, whereas now, options are
quickly selected from the control
stick and DSS, and the informati
on on the display is presented in
a much clearer manner. The mo
nitor is installed in the lower left
part of the instrument panel, to t
he left and below the previous V
ertical Situation Display (VSD).

To integrate the new "digitized"

5D refuels in the air. P

oto:" USAF

radar, the new computer, and th
e stores management processor,

two MilStd-1553B data buses and
one MilStd-1776 data bus were i
nstalled on the aircraft. The latte
r enabled the use of new types

of guided missiles, AIM-120C, and

more recently, AIM-9X.

Electronic Warfare Suite The s
econd element improved unde
r MSIP II was the aircraft's ele
ctronic warfare suite. Among
other things, a new warning d
evice for enemy radar illumina
tion, the AN/ALR-56C, was intr
oduced. This is a digital versio
n of the analog AN/ALR-56A,
with additional enhancements.
The frequency range was exp
anded

Since the 1990s, 24 F-15 aircraft have been equipped with terminals for the automated Joint Tactical Information Distribution System (JTIDS).

dotnictwo
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of the device from the previous
2.0 GHz+18.0 GHz to 300 MHz
-25 GHz. Ultra-fast frequency sc
anning was adapted to detect r
adars operating at a moderate

frequency-hopping rate (detectin
g pulse-to-pulse frequency-agile
radars is presumably impossible
). The device's data library was

expanded to include the latest

types of enemy radar stations,

whose operating ranges were a
nalyzed using data collected by
electronic reconnaissance aircraf
t (mainly RC-135), satellites, and
human intelligence. The AN/AL
R-56C worked in conjunction wi

th the Magnavox AN/ALQ-128 t
hreat analysis device, which als
o had its own receivers. This la
tter device remains shrouded in
secrecy to this day; even its e

xact purpose has not been pub
licly disclosed. Its antennas are
located at the tip of the left ve
rtical stabilizer. It is not known
whether it was installed on all

aircraft or only from the C/D v
ersions, as all serial F-15s inten

ded for the USAF have fairings
on the stabilizer.

The aircraft was also design
ed to be fitted with Tracor AN/
ALE-45 flare/chaff dispensers; i
nitially, however, passive count
ermeasures were considered to
be of little effectiveness and a

thing of the past. Later, it tur
ned out that strong flares are

still effective in protecting agai
nst heat-seeking missiles (infrar
ed homing). Ultimately, but onl
y during the MSIP II moderniz
ation, AN/ALE-45 was installed

on F-15C/D aircraft, including t
hose produced earlier, during t
heir overhauls. Its main purpos
e was to dispense infrared dec
oy flares; chaff is now used les
s frequently, mainly in combina
tion with active countermeasur
es and appropriate maneuvers.
The dispenser is located in th
e rear, lower part of the fusela
ge fairings to which the wings
are attached. It can be loaded

with up to 240 RR-170, RR-180,
or RR-188 cartridges (all with

chaff) or 120 MJU-7 flares. Ano
ther variant is loading 48 MJU-
10 flares. The mentioned loads
can be combined in appropria
te proportions: two MJU-10s ta
ke the place of five MJU-7s or

ten chaff cartridges.

The new active jamming transmitt
er AN/ALQ-135(V), which generates no

ise and deceptive jamming, was devel

oped based on the same assumptions




The same applies to the AN/ALR-5
6C. This necessitated expanding th
e frequency range to include ban
d III (presumably 8,000 to 18,000
MHz; wavelength from 3.75 to 1.6
7 cm). The antennas for this band
were placed behind the nose lan
- ding gear bay and in a special fai
- ring at the base of the right horiz
ontal stabilizer. At the same time,
bands I and II were combined in
~ to a single, modified antenna.

Tests of the new electronic wa
rfare complex were conducted on
a modernized F-15A in December
1984. In 1985, it was introduced
to serially produced aircraft.

MSIP II: F-15C and F-15D (in the latter c
ase, without the AN/ALQ-135(V) jamming
transmitter, the components of which i
n the combat aircraft are located in the
cabin behind the pilot's seat).

The refined propulsion system—el
ectronics and digital technology—a
Iso helped solve the problems of

the F-15 engines. Compressor stall
, caused by variable operating con
ditions of the engine and the inta
ke duct, could be avoided through
rapid and precise adjustment of

the angle of attack of the compre
ssor blades (guide vanes) combine
d with the regulation

A
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of the amount of injected fuel. Thi
s led to the development of the P
ratt & Whitney F100-PW-220 engin
e, in which the regulation of these
components was entrusted to an
electronic microprocessor operatin
g on advanced software. At the sa
me time, an increase in exhaust g
as temperature and, consequently,
engine thrust (up to 13,050 kg/12
8 kN with afterburner) was permit
ted, which was associated with th
e elimination of the safety margin
in the mechanical-electrical engin
e control system. In production en
gines, however, the gas temperatu
re was reduced,

] =/ —= 7
=TT =1 1 | —3—=
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thus decreasing the maximum t
hrust to 10,900 kg (107 kN), sli
ghtly less even than the F100-P
W-100 engine, but this resulted
in increased engine service life
and reduced failure rate. Tests
of the F100-PW-220 engine we
re completed in March 1985. Si
nce 1986, these engines have a
Iso been installed on earlier F-1
5C and F-15D aircraft, with eith
er newly produced F100-PW-220
engines or modernized F100-P
W-220E engines, converted fro

m F100-PW-100, being installed
during overhauls of previously

manufactured aircraft. -
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indicator of the engaged main arma
ment switch, and at the same time, the
aiming axis from the cannons.

horizon line position

indicated airspeed scale
(indicates 455 knots)

—i
)
)
1

.+
o
o

L

aiming circle,

diameter 50 milliradians,
notches every 1,000 feet
distance (to target)

N U e

Cannon armed,
999 rounds available

£

roll/pitch scale

O e o

AN/AVQ-20 Head-Up Display Indicator Imaging

Engaging an aerial target using the M61A Vulcan cannon

B amas

)
Lz

altitude scale
-(indicates 355 feet);

radar distance scale (currently
within a range of up to 10 nautical miles

—

target marker
within target tracking range

target distance scale

(target at a distance of 2,000 feet

r
f
L
L.
%
F
f
L
4
C

closing speed to target
-150 knots !

~various information

velocity vector
own aircraft
(flight path axis)

Engagement lof aerial targets using medium-range guided missiles Al

M-7M Sparrow I

Indicator of the main armament swit
ch being on, and at the same time the
aiming axis from the cannons

The range of possible attack zones for medi

umrange missiles

1-‘;».._._.4

the position of the missile aiming axis
medium range
indicated airspeed scale
(indicates 455 knots)

velocity vector
own aircraft (flight path &xis)

1
4
|
{
4
|
w00 <
anm

Armed with medium-range missiles,
four ready

pitch/roll scale

Afterburner ignition takes about 4 s
econds, and afterburner can be eng
aged simultaneously in both engines
at any speed and altitude (includin
g for takeoff).

Production of F-15C/D MSIP II

The first F-15C modernized under
the MSIP II program, equipped

with the AN/APG-70 radar, F100-

PW-220 engines, and a new self-
defense suite, but still without Al
M-120 missile installation and wit
hout the JTIDS terminal, was com
pleted on June 20, 1985. On the

same day, it made its maiden fli

ght and was delivered to the US
AF under the serial number

Course scale (indicates 120°) !
target marker on the target tra
cking range

,radar distance scale (currently
within a range of up to 40 nautical miles

altitude scale
(indicates 355 degrees)

indication of target distance
(22 nautical miles) and closin
g speed (950 knots)

target within firing range

medium-range missile

60 seconds to impact af
ter missile launch |

84-0001. This aircraft initiated t
he 37th and 38th production s
eries, with 30 consecutively pro
duced F-15Cs and 5 F-15Ds still
lacking both the AN/APG-70 ra
dar and F100-PW-220 engines,
with only the new self-defense
suite introduced. Only the last
48 F-15Cs (41st-42nd production
series) and 2 F-15Ds (41st seri
es) were the only F-15C/Ds fact
ory-equipped with F100-PW-220
engines and AN/APG-70 radars
. The reason for this situation
was the insufficient number of
F100-PW-220 engines (priority f
or their delivery was given to t
he single-engine F-16C/D).

Tactical and technical data:
Specification

Crew

Engine,

Maximum thrust (kN)

Maximum thrust with afterburner (kN)
Dimensions

Wingspan (m)

Wing area (m?

Length (m)

Height (m)

Masses

own (kg)

Takeoff normal (kg)
Combat (kg)

Maximum takeoff weight (kg)
Fuel reserve

Internal tanks (1)

Additional tanks (I)
Total (1)

Performance

Maximum speed at 0 m above sea level (Ma)
Maximum speed at 12,500 m (Ma)
Climb rate at 0 m above sea level (m/s)
Normal range (km)

Range with additional tanks (km)
Tactical. Operational radius (km)
Takeoff and landing

Takeoff run (m)

Landing roll (m)

Max. operational overload (g)

and the delay in the start of pro
duction of the AN/APG-70 radar

station (which was initially install
ed on the F-15E). Production of t
he F-15C/D on these aircraft was
completed in November 1989. B
y November 1989, the total prod
uction of F-15C aircraft amounte

d to 485 (including 2 F-15) for Ja
pan, the rest were built by Mitsu
bishi) and the production of the

F-15D version reached 104 (inclu
ding 12 F-15DJ for Japan).

F-15A F-15C

1 1
F100-PW-100 F100-PW-220
64 64

112 107

13,05 13,05
56,49 56,49
19,43 19,43
5,63 5,63

12 700 13235
19212 20 185

16 160 17 520

25 400 30 845
6750 7836
6927 12 634
13677 20 470

1,2 1,2

25 25

270 275

1970 2200
4600 4500/5560
900-1350 1200-1800
275-970 300-1065
760-1120 850-1075
+7.0/-3.0 +7.6/-3.0

MSIP +9.0/-3.0

The aforementioned modernizat
ion work was carried out at th
e Warner-Robbins Air Logistic C
enter in Georgia (for aircraft b
ased in the USA), at the CASA
facilities in Getafe, Spain (for U
SAFE aircraft), and at the logist
ics center,at Kim Hue base in
South Korea (for PACAF aircraft

In 1992, after the Gulf War, t
he F-15C/D was adapted to carr
y AIM-120 missiles. The aircraft
can carry eight of these missile
s—four on fuselage pylons previ
ously used for AIM-7M missiles
and four more on universal
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On LAU-114 launchers in place
of AIM-9M missiles. In practic
e, however, they are combined
with AIM-9 in a 4+4 or 6+2 c
onfiguration. At the same time,
some aircraft (so far only 24
F-15C belonging to the 366th
Wing) have been equipped wit
h terminals of the automated |
oint Tactical Information Distrib
ution System (JTIDS). The Joint
Tactical Information Distribution
System is a network of compu
ter terminals that mutually tran
smit the information they have
obtained about the enemy's po
sition, compare and compile it,
creating a unified tactical situati
on display on the monitors of s
ystem users.

F-150/D Golden Eagle

L)tnlctwo

The AN/APG-70 station, in whi
ch many older semiconductor
electronic components have be
en replaced with modern, high
ly integrated circuits. Therefore
, these are not exactly the sa
me modules as in the AN/APG
-70 station, Ibut even more adv
anced, built on a new compon
ent base. Additionally, the APG
-63(V)1 features a more effecti
ve built-in self-test system. Co
mpared to the AN/APG-70 rada
r, this has significantly increase
d the station's reliability (an av
erage of 120 hours of operatio
n between failures), as well as
ensured the maintenance of hi
gh radar performance during it
s operation. The mean time bet
ween failures increased nearly t
enfold compared to the original
AN/APG-63 station. The AN/AP
G-63(V)1 station has the same
air-to-air combat ranges as the
AN/APG-70, but it can detect ta
rgets with a smaller effective ra
dar cross-section and demonstr
ates greater resistance to jammi
ng (new software). In this way,
the APG-63(V)1 is adapted for c
ombating cruise missiles and s
mall unmanned aerial vehicles.

In the early years o

Since 1996, the AN/APG-63(V)1 fire control radar station, which is o
ptimized for air-to-air combat (lacking SAR capability), has been inst

alled on F-15 fighter aircraft. This is an AN/APG-70 station in which
many older semiconductor electronic components have been replac

ed with modern, highly integrated circuits. Photo: Boeing

-63(V)2 fire control ra

dar stations, featuring a square phased array antenna.

Photo: Boeing





